Milk specimens, 75 from cows immunized against cholera toxin and 35 from a human population in which enterotoxigenic Escherichia coli and rotaviral infections are endemic, were collected as paired filter paper and frozen whole milk samples. Each pair was tested for antibody activity against heat-labile E. coli and Vibrio cholerae enterotoxins. Additionally, 12 of the 35 paired human milk samples stored as frozen whole milk and dried on filter paper were tested for antirotavirus immunoglobulin A. Anti-enterotoxin and anti-rotavirus immunoglobulin A titers in milk dried on filter paper compared favorably with those of their frozen whole milk pairs. Filter paper samples offered considerable advantages for field collection, transportation, and storage over frozen liquid samples. In recent years, considerable attention has focused on the importance of local antibody and other factors found in secretions such as colostrum, milk, and saliva in protecting the host against enteric or respiratory tract infections (1). In infants, who are most susceptible to these infections, antibodies passively acquired through breast milk against viruses, bacteria, or microbial toxins may be of great importance (3, 7, 9, 10). However, collecting and preserving colostrum and breast milk specimens is difficult, especially under nonsterile field conditions. Furthermore, chemical preservatives can present problems in bioassays for antibody activities. Immunological activities in whole blood specimens have been successfully recovered from samples collected and stored on filter paper. In seroepidemiological studies of malaria (6), Chagas' disease (4), and amebiasis (8), simultaneously collected blood specimens stored as frozen sera and as whole blood dried on filter paper showed comparable levels of antibody activities. To study the storage and recovery of antibody activity in milk dried on filter paper, we compared anti-enterotoxin activity in paired frozen and filter paper samples of both human and bovine colostrum and milk, using the Chinese hamster ovary cell assay for enterotoxin. We also compared anti-rotaviral activities in paired frozen and filter paper samples of human milk, using an enzyme-linked immunosorbent assay for antirotaviral immunoglobulin A (IgA).
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MATERILS AND METHODS
Milk and colostrum samples. A total of 35 paired human specimens were collected from a rural lactating population in northeastern Brazil, where enterotoxigenic Escherichia coli and rotaviruses are major causes of diarrhea (8a). Samples were collected in parallel by direct expression into plastic or glass vials and onto filter paper. Whole milk samples were stored at -20°C upon collection, and filter paper samples were dried at room temperature and kept at 4°C until transported to Charlottesville, Va., where both frozen whole milk and filter paper samples were stored at -20°C until assayed. Bovine colostrum and milk used in this study were kindly provided by Larry K. Smith, Ohio Agricultural Research and Development Center, Wooster, Ohio.
Samples of whole milk frozen at -20°C were thawed, and duplicate paired filter paper samples were prepared. After drying at room temperature, the filter papers were stored with desiccant at -20°C for 2 months, when they were assayed.
For the filter paper samples, approximately 0.1 ml of whole milk was transferred to and allowed to completely cover each 12-mm circle imprinted on a rectangle (2.5 by 5 cm) of ROPACO 1023 0.038-in. (0.097-cm) filter paper (James River Mill, Inc., Rochester, Mich.; distributed by Kavon Filter Products, Wall, N.J.). The milk was allowed to dry at ambient room temperature, and then duplicate filter paper samples were stored with desiccant either at room temperature or frozen at -20°C once in the laboratory.
The methods for antiuoxin and anti-rotavirus recovery for both human and bovine milk specimen groups were the same; samples were prepared so that pairs could be assayed for antitoxin or anti-rotaviral activities on the same day.
Frozen whole milk samples were thawed, blended on a Vortex mixer, and diluted 1:4 in sterile phosphate-buffered saline (pH 7.2). After again blending on a Vortex mixer, the dilutions were centrifuged for 20 min at 10,000 x g. After centrifugation, the top lipid layer was removed, and the cloudy aqueous phase above the sedimented cellular debris was recovered BROWN ET AL. and filtered through a 0.22-,um filter (Millipore Corp., Bedford, Mass.). Preparations were made on the day of the assay.
For the recovery of antitoxic and antiviral activities from filter papers, the outlined milk spot was cut out and transferred to a plastic test tube containing 0.4 ml of phosphate-buffered saline. The paper circle was immersed and allowed to stand for 18 h at 4°C. On the day of the assay, the paper was removed from the eluate, and residual fluid was squeezed out against the side of the tube by using a sterile wooden applicator stick. Approximately 0.3 ml of cloudy eluate was recovered, thus making a crude dilution of the milk to approximately 1:4. The eluate was centrifuged at 10,000 x g for 20 min to remove residual filter paper debris.
Anti-enterotoxin assay. The Chinese hamster ovary assay for anti-enterotoxin activity was that described by Guerrant and Brunton (5) . Purified A positive/negative ratio was determined for each dilution by dividing the optical density reading by the optical density of the negative control. The antibody titer was defined as the reciprocal of the highest dilution which yielded a positive/negative ratio of 2.0 or greater.
All samples which demonstrated a significant antirotavirus IgA titer (.16) were retested in a blocking test to confirm the presence of specific antibody. Each sample (at a 1:8 dilution) was diluted with an equal amount of rotavirus antigen for 2 h at 37°C. The same specimens were also incubated with the diluent alone. After incubation, the enzyme-linked immunosorbent assay was performed as described above, except only the single dilution was tested. If the addition of rotavirus to the sample resulted in 50% blocking or more, the confirmatory test was considered positive (10) . The specificity of the goat anti-rotavirus antibody and the human rotavirus antigen used has been demonstrated in other studies (10) .
RESULTS
The statistical relationship between the paired frozen and filter paper samples was tested by determining Pearson's coefficient of linear correlation (r) for both the human and bovine specimen groups (2) . For statistical analysis, samples with unmeasurable low titers were assigned arbitrary values. Filter paper and frozen whole milk samples with anti-enterotoxin titers of <22.4 or -22.4 were taken as 5.6 and 11.2 SSVI anti-CT U/ml, respectively.
Of the 75 paired samples of bovine milk tested, 47 (63%) had detectable antibody by both methods, and 21 (28%) had no detectable antibody by either method, for a total agreement of 91%. Six specimens had significant frozen milk titers, with no significant filter paper titers. This difference may indicate a slightly greater test sensitivity with frozen bovine whole milk samples that have not been subjected to the problems associated with field collection and storage experienced with human samples. One specimen had no significant frozen milk titer but had a significant filter paper titer (Table 1) . For simplification of the table, samples with geometric mean titers that fell between twofold dilutions are shown as having a titer at the lower dilution. The actual mean titers of the 75 paired samples tested showed a very strong degree of correlation, with an r value of 0.92 (P < 0.001).
Of the 35 paired samples of human milk tested, 15 (42.9%) had detectable anti-enterotoxin titers, and 13 (37.1%) were undetectable by both methods, for a total agreement of 80%. Seven specimens (20%) had significant titers (i.e., .22.4 U/ml) from filter paper samples but un- less immunological activity owing to proteolysis. The greater relative sensitivity of human filter paper samples collected in the field may well illustrate the problems with storing and transporting whole milk samples in a field situation, where it is more difficult to collect and maintain sterile samples. Anti-enterotoxin and anti-rotavirus titers of filter paper eluates were comparable to the titers determined in frozen milk. This technique may greatly enhance the feasibility of examining these and other antibody activities in colostrum and breast milk. These antibodies may be of great importance in preventing diseases in infants, especially in developing tropical areas.
